Laminectomy is an effective surgical treatment for multi-segment cervical spondylotic myelopathy (M-CSM) but usually results in C5 palsy. Some surgical techniques to restore the spinal sequence, increase the intervertebral foramen diameter, and limit the spinal cord drift distance have been proposed; however, it is unclear whether these procedures can avoid this complication.
Introduction
Multi-segment cervical spondylotic myelopathy (M-CSM), frequently observed in clinical practice, is usually treated with posterior decompression. Other common decompression methods include open-door laminoplasty, [1] laminectomy with pedicle screw fixation or lateral mass screw fixation, [2] [3] [4] and doubledoor expansive laminoplasty. [1, 5] Embedding of various internal instruments via the cervical posterior approach markedly improves both initial stability and long-term stability of the cervical spine after laminectomy or laminoplasty. [6] Under the precondition that internal fixation provides insurance for cervical spinal stability, the intraoperative vertebral transverse incision could be enlarged properly to achieve adequate spinal cord decompression. However, the occurrence of postoperative C5 palsy has increased remarkably. [7, 8] Furthermore, C5 palsy is associated with increased nerve root tension after excessive posterior drifting of the spinal cord. [7] The scope to which the vertebral plate transverse incision width be controlled intraoperatively to decrease the occurrence of C5 palsy remains unclear. Studies reporting such data are lacking. The present study retrospectively analyzed the clinical data of 2 groups of patients with M-CSM who underwent limited laminectomy and foraminal decompression with fixation (LLFDF) and normal laminectomy with fixation (NLF) to identify differences in neurological recovery and occurrence of C5 palsy between them.
Materials and methods

Patients
This retrospective clinical study included 71 patients with M-CSM treated between May 2014 and October 2016. The patients were divided into 2 groups according to surgical method: 39 in group A (21 men and 18 women) treated with LLFDF and 32 in group B (18 men and 14 women) treated with NLF. Patient data, including age, sex ratio, disease course, laminectomy range, and pathogenic factors, are shown in Table 1 . This study was approved by the Institutional Review Board of Cangzhou Central Hospital.
All patients had characteristic symptoms, such as upper-limb numbness, difficulty holding objects, diminished fine-motor skills of the affected fingers, diminished strength of the muscle controlled by the involved nerve, abnormal touch and pain sensations, unstable standing or walking ability of the lower limbs, tendon hyperreflexia, and positive Babinski sign.
Cervical spinal X-rays, computed tomography (CT) images, and magnetic resonance images were routinely collected and examined to observe the cervical curvature status and clarify whether a protruded intervertebral disc was calcified or identify the ossification type of the posterior longitudinal ligament ( Fig. 2A-B ). This information was used to determine the decompression scope and fixation segment.
Surgical method
All surgeries were performed by the same group of surgeons. After undergoing general anesthesia induction, the patients were placed in the prone position; their head was fixed on a Mayfield head frame, and their cervical spine was secured in a forward buckling status. A posterior median incision was created to expose the paraspinal muscles along the spinous process, followed by the lamina and cervical lateral mass. Internal fixation was performed in the diseased segment, and the lateral mass or pedicle screw (Medtronic Sofamor Danek, Memphis, TN) was embedded into the vertebral body according to the Magerl technique [9] and Abumi technique. [10] After the spinous process and ligament tissue were removed, separate slots were created along both sides 7 to 9 mm away from the external region of the midline (group A) and 2 mm away from the internal edge of the lateral mass (group B) using a high-speed drill. When the internal cortex of the vertebral plate was polished to paper thickness, the ligamentum flavum was severed at the head and tail ends; the epidural adhesion was separated, and the vertebral plate was lifted slowly using a towel clamp. Next, the posterior wall of the nerve root canal was decompressed at the C5 nerve root (Fig. 2C ) to reduce the tension (group A). [2] Pre-bent titanium rods were placed in the u-shaped slot of the nail and locked to adjust the spinal curvature. The incision was sutured layer by layer after a drainage tube was placed internally. 
Follow-up and evaluation criteria
The Japanese Orthopedic Association (JOA) 17-point score system was used to evaluate pre-and postoperative neurological function [1] as follows: recovery rate = (postoperative scorepreoperative score)/(17-preoperative score) Â 100%. The C5 palsy diagnostic criteria were new postoperative occurrence of paralysis of the deltoid and/or biceps brachii, manifesting mostly as mild myasthenia, as patients can have comorbidities of C5 dermatome sensation disturbances and intractable pain. [11] Photoshop CS5 software (Adobe Systems Inc., San Jose, California) was used to measure the laminectomy width on the CT transverse section, which was the average distance of the double edges in the C3-7 laminae ( Fig. 2E and Fig. 3E) . The C5-level spinal posterior drift distance was measured on mid-sagittal magnetic resonance images ( Fig. 2F and Fig. 3F ) as the distance between the C4/5 vertebral disc and the nearest point of the anterior margin of the spinal cord. [8] When ossification of the posterior longitudinal ligament was present at the C4/5 level, the distance between the posterior edge of ossification and the nearest point of the anterior margin was measured. The postoperative posterior spinal cord shift distance at the C4/5 level was obtained using the following formula: spinal cord shift distance = postoperative distance -preoperative distance. [8] The cervical curvature index (CCI) was used to evaluate the curvature change status of the cervical spine: [1] "a1" was defined as the distance from the posterior inferior edge of the C3 vertebral body to line "A" and "a2 (C4), a3 (C5), and a4 (C6)" using the same method. "A" was defined as the distance from the posterior-inferior edge of the C2 vertebral body to that of the C7 vertebral body (Fig. 1) . To ensure measurement accuracy, 2 independent radiologists evaluated these images, and each was measured 3 times and averaged.
Statistical methods
SPSS (Version 17.0; IBM, Chicago, IL) was used to conduct the statistical analysis. Analysis of variance was used to compare the repeated measures at different time points. The 2 groups were www.md-journal.com compared using an independent 2-sample t test or chi-square test. Two-sided P values of <.05 were considered statistically significant.
Results
All surgeries were completed successfully. There was no significant difference in the surgical time and intraoperative blood loss between the 2 groups (P <.05). The laminectomy width in group B was significantly greater than that of group A (P <.05). The spinal cord drift distance in group B was longer than that of group A (P <.05) ( Table 2 ). The postoperative JOA scores increased in both groups (P <.01), and no significant difference was noted at the different time points (P >.05). The mean recovery rate in group A was 64.2 ± 13.7%, while that in group B was 68.3 ± 15.1%; however, the difference was insignificant (P >.05). The mean postoperative CCI of the 2 groups significantly improved compared with their preoperative CCI and was maintained well until the final followup (P <.01). No significant difference was seen at any of the different observation time points (P >.05; Table 3 ).
There were 2 cases (2/39, 5.1%) of C5 palsy in group A and 8 cases (8/32, 25.0%) in group B, and their difference was significant (X 2 = 4.211, P =.04). All patients were followed up for 22.5 ± 6.2 months (range, 16-47 months), during which time no cases of internal loosening, displacement, or fracture occurred.
Discussion
Cervical laminectomy is an indirect decompression technique. After the laminae are removed, the sagittal diameter of the spinal canal is increased, and the effective volume of the spinal canal is enlarged. Under the effect of the bowstring principle, the spinal 
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Medicine cord can "drift backward" to relieve spinal cord compression and promote neurological recovery. [2, 7, 8] Posterior decompression boasts the features of a low surgical risk, wide field of vision, and relatively simple surgery, and its use can provide multi-segmental compression of the spinal cord in a single procedure. However, the incidence of kyphosis deformity after laminectomy related to excessive incision of the stability-maintenance structure (i.e., spinous process, ligament tissue, and vertebral plate) is relatively high. [3] Therefore, it is especially important to maintain sagittal alignment and cervical curvature using internal fixation.
Du et al [2] used enlarged laminectomy and lateral mass screw fixation for multilevel cervical degenerative myelopathy associated with kyphosis and reported that the CCI had significantly increased from 8.4 ± 2.5% preoperatively to 19.3 ± 2.1% postoperatively. Among the many fixed apparatuses used in posterior cervical surgery, pedicle screw/lateral mass screw fixation is the most effective for the treatment of cervical spondylotic myelopathy with cervical instability and correction of deformity in the sagittal and coronal planes. [12, 13] A previous clinical study has proven that the stability in laminectomy with fixation was superior to that in laminoplasty and laminectomy. [6] In the final follow-up, the CCI loss rate was 2.60% in the laminoplasty group, 3.20% in the laminectomy group, and 1.22% in the lateral mass screw fixation group. Further, CCI loss was considered to be correlated with poor neurological recovery and axial symptom severity. [3] To avoid postoperative kyphosis deformity in this study, all enrolled patients underwent pedicle screw or lateral screw fixation. Their postoperative CCIs improved significantly, and the cervical spinal curvature was well maintained during the follow-up period. There was no difference in the curvature change despite the differences in the laminectomy ranges.
Some experts and scholars found that once cervical kyphosis was corrected, the incidence of C5 palsy obviously increased. [14] [15] [16] Because the cervical sagittal sequence is restored to lordosis, the spinal cord is more likely to "drift backward" under the action of the bowstring principle, thereby significantly increasing nerve root tension. However, the backward shift distance of the spinal cord located atop the bowstring is at the maximum, which would over-retract the C5 nerve root, leading to the occurrence of the nerve root palsy phenomenon under the effect of ischemia and anoxia of the nerve root, segmental spinal cord obstacles, embolism, and reperfusion injury, among other factors. [7, 8, 17] By measuring imaging data, Morishita et al [18] found that segmental nerve root palsy commonly occurs when the cervical cord drifts 4 to 5 mm backward at the C5 level. Posterior wall decompression at the C4/5 intervertebral foramen clearly decreased the occurrence of C5 palsy. [2, 15] However, this technique did not improve neurological function. Nori et al [8] found that the diameter of the C4/5 nerve root canal of patients with C5 palsy was significantly smaller than that of healthy individuals. By performing preoperative dissection measurements, Lubelski et al [19] found that every 1-mm increase in the nerve canal root diameter would lead to a 98% decrease in the incidence of nerve palsy. Therefore, the alleviation of nerve root palsy could be realized by the limiting of the excessive backward shifting of the spinal cord and the expansion of the nerve root canal.
Many factors affect backward spinal cord drifting; among them, the cervical spinal curvature and laminectomy extent are the most closely related variables. [20, 21] Once the rear pressure is relieved, the spinal cord will drift backward under the combined action of the "bow" formed by cervical lordosis and the longitudinal tension of the spinal cord; the drift distance is related to the resultant force. [22] In this study, the pre-and postoperative cervical curvatures of groups A and B were the same, which eliminates the potential effects that different curvatures will have on different spinal drift distances; the other key factor is the extent of laminectomy.
In this study, the patients in group A underwent LLFDF with a mean vertebral plate incision width of 16.7 ± 2.6 mm, while those in group B underwent NLF with a mean incision width of 21.8 ± 2.9 mm; the difference between them was significant (P <.001). The mean postoperative C5-level spinal cord drift distances were 2.3 ± 0.4 mm in group A and 3.6 ± 0.7 mm in group B, with a significant difference (P <.001). In addition to reducing the laminectomy width in group A, bilateral decompression of the C5 nerve root canal was targeted during surgery, which reduced the nerve root tension. During follow-up, there were 2 cases (5.1%) of C5 palsy in group A and 8 cases (25%) in group B; the difference between them was significant (P = .04). Therefore, LLFDF could effectively reduce the occurrence of C5 palsy. In Table 2 Intraoperative conditions and radiological characteristics by group. addition, the distance between the C4/5 vertebral disc and the nearest point of the anterior margin of the spinal cord was selected in this study, considering the vertex position of the C5 vertebrae, where the backward shift distance of the spinal cord peaked. From an anatomical point of view, the C5 nerve root was extended from the superior root canal of the C5 vertebral body, and the measurement of this site strengthens the conclusion. Whether the laminectomy width affects the recovery of neurological function is controversial. In the study by Klement et al, [23] the mean C5 laminectomy width was 23.1 mm; however, Radcliff et al [7] reduced the mean laminectomy width to 19 mm. Some studies reported [24, 25] that the mean transverse diameter of the spinal cord at C5 was only 13 mm. Therefore, the laminectomy width should at least exceed the transverse diameter of the spinal cord at the corresponding segment. [26, 27] In this study, the mean incision width in group A (16.7 ± 2.6 mm) was significantly narrower than that in group B (21.8 ± 2.9 mm). However, the mean postoperative JOA scores of both groups significantly increased. Furthermore, the comparison of the different time points revealed no significant difference. The purpose of enlarging the vertebral plate excision was to mitigate compression on the interior portion of the pedicle root and bilateral "lateral recess" area of the cervical cord, as most of the degenerative lesions of the cervical vertebrae are located in the central canal and intervertebral foramen instead of the lateral recess. Thus, it will be worth investigating in future studies whether a more widespread vertebral plate incision is necessary during laminectomy.
Conclusions
Compared with NLF, LLFDF can relieve spinal cord compression using limited laminar resection and still yield satisfactory recovery of neurological function. Shortening the spinal cord retraction distance and decreasing the C5 nerve root tension via posterior wall nerve root canal decompression significantly decreased the incidence of C5 palsy.
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